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Abstract 

Evidence  points  to  heightened  physiological  arousal  in  response  to  acute  stress  exposure  as 
both  a  prospective  indicator  and  a  core  characteristic  of  posttraumatic  stress  disorder  (PTSD). 
Because  females  may  be  at  higher  risk  for  PTSD  development,  it  is  important  to  evaluate  sex 
differences  in  acute  stress  reactions.  This  study  characterized  sex  differences  in  cardiovascular 
and  subjective  stress  reactions  among  military  survival  trainees.  One  hundred  and  eighty-five 
military  members  (78%  males)  were  studied  before,  during,  and  24  h  after  stressful  mock 
captivity.  Cardiovascular  (heart  rate  [HR],  systolic  blood  pressure  [SBP],  diastolic  blood  pressure 
[DBP])  and  dissociative  states  were  measured  at  all  three  time  points.  Psychological  impact  of 
mock  captivity  was  assessed  during  recovery.  General  linear  modeling  with  repeated  measures 
evaluated  sex  differences  for  each  cardiovascular  endpoint,  and  causal  steps  modeling  was 
used  to  explore  interrelationships  among  sex,  cardiovascular  reactions  and  psychological 
impact  of  mock  captivity.  Although  females  had  lower  SBP  than  males  at  all  three  time  points, 
the  difference  was  most  pronounced  at  baseline  and  during  stress.  Accordingly,  females 
showed  greater  residual  elevation  in  SBP  during  recovery.  Females  had  lower  DBP  at  all  three 
time  points.  In  addition,  females  reported  greater  psychological  impact  of  mock  captivity  than 
males.  Exploratory  causal  steps  modeling  suggested  that  stress-induced  HR  may  partially 
mediate  the  effect  of  sex  on  psychological  impact  of  mock  captivity.  In  conclusion,  this  study 
demonstrated  sex-specific  cardiovascular  stress  reactions  in  military  personnel,  along  with 
greater  psychological  impact  of  stress  exposure  in  females.  This  research  may  elucidate  sex 
differences  in  PTSD  development. 
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introduction 

Current  evidence  suggests  that  heightened  physiological 
arousal  in  response  to  acute  stress  exposure  is  a  prospective 
marker  as  well  as  a  core  characteristic  of  posttraumatic  stress 
disorder  (PTSD).  For  example,  numerous  studies  show  that 
elevated  heart  rate  (HR)  in  trauma  victims  is  a  longitudinal 
predictor  of  PTSD  development  (Bryant  et  al.,  2004;  Kassam- 
Adams  et  al.,  2005;  Kuhn  et  al.,  2006;  Shalev  &  Freedman, 
2005).  This  trend  persists  across  varied  populations  including 
motor-vehicle-accident  victims  (Kuhn  et  al.,  2006),  brain- 
injured  victims  (Bryant  et  al.,  2004),  injured  children 
(Kassam-Adams  et  al.,  2005)  and  victims  of  terrorist  attacks 
(Shalev  &  Freedman,  2005).  This  line  of  research  is 
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complemented  by  other  work  suggesting  that  beta-adrenergic 
antagonists,  such  as  propranolol  (which  attenuates  HR,  blood 
pressure  [BP]  and  myocardial  contractility),  may  decrease  the 
risk  of  PTSD  development  proximal  to  trauma  exposure 
(Searcy  et  al.,  2012).  Another  important  area  of  work 
identifies  heightened  physiological  arousal  as  a  core  charac¬ 
teristic  of  PTSD  patients  (Pole,  2007),  particularly  with 
respect  to  skin  conductance,  facial  electromyography  and  HR. 

While  substantial  evidence  highlights  the  importance  of 
acute  stress  reactions  in  relation  to  PTSD  development, 
several  gaps  in  the  literature  remain.  First,  it  has  been  noted 
that  a  disproportionate  focus  of  this  research  has  been  placed 
on  males  (Pole,  2007).  Considering  females  may  be  at  higher 
risk  of  PTSD  development  than  males  (Mota  et  al.,  2012),  it  is 
important  to  evaluate  sex  differences  in  acute  stress  reactions. 
There  is  a  modest  but  productive  literature  evaluating  sex 
differences  in  cardiovascular  responses  to  laboratory  stress  in 
both  healthy  (Allen  et  al.,  1993)  and  traumatized  individuals 
(Inslicht  et  al.,  2013).  In  healthy  participants,  studies  have 
shown  that  men  respond  to  selected  laboratory  stressors  with 
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greater  systolic  (Allen  et  al.,  1993;  Steptoe  et  al.,  1996)  and 
diastolic  BP  increases,  as  well  as  greater  increases  in  total 
peripheral  resistance  than  females.  Conversely,  females  tend 
to  respond  with  greater  increases  in  HR  (Allen  et  al.,  1993). 
Consolidating  this  evidence,  males  have  been  characterized  as 
“vascular  reactors,”  while  females  have  been  characterized 
as  “myocardial  reactors.”  In  terms  of  subjective  distress, 
there  is  evidence  that  females  are  more  affectively  responsive 
to  fear-inducing  and  stressful  experiences  than  males  (Kelly 
et  al.,  2006,  2008),  and  more  recent  work  demonstrates 
greater  fear  conditioning  in  female  versus  male  participants 
with  PTSD  (Inslicht  et  al.,  2013). 

Despite  numerous  strengths  of  the  aforementioned  acute 
trauma  studies,  some  limitations  reduce  their  generalizability. 
For  example,  although  previous  studies  have  assessed  real- 
world  trauma  (such  as  motor-vehicle  accidents),  these 
studies  lack  the  ability  to  assess  pretrauma  characteristics 
(e.g.  baseline  physiological  values  under  rested  conditions). 
Conversely,  the  imposed  stressors  used  in  laboratory  studies 
are  relatively  mild,  and  the  context  in  which  they  are  delivered 
may  not  generalize  to  real-world  events.  A  program  of 
research  examining  human  responses  to  intense  military  stress 
has  the  potential  to  reconcile  these  limitations.  Morgan  and 
colleagues  pioneered  a  scientific  paradigm  evaluating  stress 
reactivity  among  trainees  in  a  standardized  yet  highly  realistic 
survival  training  involving  mock  captivity  (Dimoulas  et  al., 
2007;  Morgan  et  al.,  2000,  2004).  One  of  these  studies 
provided  an  initial  exploration  of  sex  differences  in  acute 
military  stress  reactions.  Dimoulas  et  al.  (2007)  studied 
female  survival  trainees  and  found  that  their  dissociative 
states  at  baseline  and  in  response  to  intense  stress  exposure 
were  similar  (in  both  magnitude  and  characteristics)  to  those 
found  in  previously  studied  samples  of  male  trainees  (Morgan 
et  al.,  2001,  2004).  There  is  a  need  to  further  characterize  sex 
differences  in  acute  stress  reactions  in  this  context.  The 
purpose  of  this  study  was  to  evaluate  sex  differences  in 
cardiovascular  and  subjective  stress  reactions  in  military 
survival  trainees.  In  light  of  previous  research  in  laboratory 
settings,  we  anticipated  greater  BP  responses  in  males  and 
greater  HR  responses  in  females.  We  also  expected  greater 
psychological  impact  of  mock  captivity  in  females  during 
recovery.  To  be  clear,  this  is  not  a  study  of  PTSD  per  se,  but 
rather  an  investigation  of  stress  reactions  in  healthy  individ¬ 
uals  exposed  to  intense  stress. 

Methods 

Military  survival  training 

Survival,  evasion,  resistance  and  escape  (SERE)  training  is 
described  in  other  reports  (Dimoulas  et  al.,  2007;  Morgan 
et  al.,  2000,  2001,  2004;  Taylor  et  al.,  2012),  and  some 
portions  of  the  curriculum  are  classified.  U.S.  military 
members  who  are  deemed  “high  risk  of  capture”  are  required 
to  attend  this  course,  which  includes  a  period  of  mock 
captivity.  After  an  initial  phase  of  classroom-based  didactic 
training  (5  days),  students  are  taken  to  a  field  site  where  they 
are  trained  in  SERE  techniques  (7  days).  Training  tasks 
include  evasion  from  a  simulated  enemy,  and,  upon  eventual 
“capture,”  students  must  practice  resistance  to  various 
forms  of  simulated  exploitation  in  stressful  mock-captivity 


training  challenges.  The  entire  course  lasts  12  days,  including 
1  debrief  day  after  the  conclusion  of  mock  captivity.  Because 
SERE  training  is  designed  in  part  to  simulate  a  captivity 
experience,  it  offers  a  unique  medium  to  prospectively 
evaluate  the  effects  of  highly  realistic  stress  on  human 
functioning.  Recent  studies  confirm  its  validity  as  a  sustained 
stressor,  as  evidenced  by  substantial  alterations  in  both 
physiological  and  self-report  indices  (Morgan  et  al.,  2004; 
Taylor  et  al.,  2012). 


Subjects  met  inclusion  criteria  if  they  were  active-duty 
military  members  enrolled  in  SERE  training  at  the  Center 
for  Security  Forces,  SERE  Learning  Site  West  (San  Diego, 
CA)  as  part  of  their  military  duties,  and  were  deemed  healthy 
as  indicated  by  a  medical  records  review  conducted  by  the 
SERE  medical  officer.  Per  the  record  review,  examples  of 
criteria  for  exclusion  from  SERE  training  include  disorders  of 
endocrine,  nervous/psychological  and  neuromuscular  func¬ 
tion,  as  well  as  history  of  clinically  significant  electrocardio¬ 
graphic  abnormality.  Additional  exclusion  criteria  imposed 
for  this  study  included  smoking;  caffeine  dependence;  any  use 
of  anabolic  (e.g.  DHEA,  growth  hormone)  or  ergogenic  (e.g. 
creatine  monohydrate)  substance,  drug,  or  supplement  within 
the  past  3  months;  antihypertensive  medication  use  (e.g.  beta- 
blockers);  and  current  diagnosis  of  type  1  or  type  2  diabetes 
with  prescribed  medication. 

Compliance  requirements  were  imposed  during  baseline 
and  recovery  assessments.  Specifically,  subjects  were  asked  to 
refrain  from  alcohol  ingestion  within  12  h  of  assessments, 
major  meals  within  1  h  of  assessments,  and  caffeine  ingestion 
within  30  min  of  assessments.  Compliance  during  mock 
captivity  was  implicitly  controlled  by  the  training  context. 

Participants 

Two  hundred  military  members  were  originally  enrolled  in  a 
larger  study  evaluating  stress  and  health  in  survival  trainees. 
Those  who  expressed  an  interest  in  participating  attended  an 
in-person  meeting  on  the  first  day  of  the  academic  phase  of 
survival  school  to  review  the  details  of  the  study  and  provide 
written  informed  consent.  This  protocol  was  approved  by  the 
Naval  Health  Research  Center  Institutional  Review  Board. 
Fifteen  participants  were  excluded  from  the  current  study 
because  they  were  delayed  at  a  collection  point  directly  after 
the  mock-captivity  event  by  >3  min  (autonomically  induced 
cardiovascular  stress  responses  are  known  to  dissipate  substan¬ 
tially  within  2-3  min  of  acute  stress  exposure;  Goswami  et  al., 
2010).  This  yielded  a  sample  size  of  185  (mean  [standard 
deviation  (SD)]  age,  25.2  [4.4]  years;  77.8%  males). 


Participants  completed  baseline  physiological  assessments 
(HR,  systolic  blood  pressure  [SBP],  diastolic  blood  pressure 
[DBP],  tympanic  temperature  and  arterial  peripheral  oxygen 
saturation  [Sp02])  and  self-report  measures  on  the  first  day  of 
the  academic  phase  of  SERE  training  (Time  1  [Tl] ; 
prestress).  Subsequently,  all  subjects  experienced  a  rigorous 
evasion  exercise,  after  which  they  participated  in  a  highly 
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realistic  mock-captivity  scenario.  Physiological  measures  and 
dissociative  states  were  assessed  again  directly  after  a 
stressful  mock-captivity  event  (Time  2  [T2];  mock-captivity 
stress).  Finally,  approximately  24  h  after  the  release  from 
mock  captivity  (marking  the  completion  of  training),  all  the 
subjects  completed  the  physiological  assessment  and  measure 
of  dissociative  states  a  third  time,  as  well  as  a  measure  of 
psychological  impact  of  mock  captivity  (Time  3  [T3] ; 
recovery). 

Measures 

Physiological  measures 

For  T1  and  T3  assessments,  participants  were  seated  in  a 
private,  sound-minimized  room  for  5  min  in  a  chair  with  back 
supported,  arms  bared  and  supported  at  heart  level,  and  feet 
uncrossed  and  flat  on  the  floor  (Pickering  et  al.,  2005;  Shapiro 
et  al.,  1996).  To  characterize  peak  responses  to  the  mock- 
captivity  stressor  at  T2,  an  identical  assessment  occurred 
within  3  min  after  the  stressful  event,  inclusive  of  approxi¬ 
mately  2  min  of  quiet  rest  in  a  seated  position  (all  other 
procedures  were  held  constant).  After  the  period  of  quiet  rest, 
the  finger  pulse  oximeter  (MedSource  International,  Mound, 
MN)  was  applied  to  the  left  index  finger,  and  a  stable  HR 
value  (defined  as  a  continuous,  credible  reading  ±  2  beats  per 
minute  [bpm]  for  10  s)  was  recorded.  Sp02  and  tympanic 
temperature  were  then  recorded  with  pulse  oximeter  (Medline 
Industries,  Inc.,  Mundelein,  IL).  Following  standard  guide¬ 
lines  (Pickering  et  al.,  2005;  Shapiro  et  al.,  1996),  BP  was 
then  assessed  via  acoustic  sphygmomanometer  (Welch  Allyn, 
Inc.,  Skaneateles  Falls,  NY).  All  recordings  were  estimated  to 
the  nearest  2mmHg.  Two  members  of  the  research  team 
(MKT  and  GAP)  performed  the  BP  measurements.  Inter-rater 
reliability  established  in  a  convenience  sample  of  10  subjects 
(70%  male)  was  very  high  (SBP,  r=0.98;  DBP,  r=0.96). 

Self-report  measures 

Background  questionnaire.  This  questionnaire  assesses  basic 
background  and  demographic  information. 

Perceived  stress  scale-10.  This  is  a  10-item  questionnaire 
(Cohen  &  Williamson,  1988)  examining  the  role  of 
nonspecific  appraised  stress  that  people  have  experienced 
during  the  last  month,  with  a  possible  total  score  of  40.  The 
mean  perceived  stress  score  was  21.9  (SD  =  5.9),  and 
Cronbach’s  alpha  reliability  in  the  current  sample  was  0.80. 

Internality,  powerful  others  and  chance  scales.  Locus  of 
control  (i.e.  the  extent  to  which  individuals  believe  that  they 
can  control  events  that  affect  them)  was  assessed  using  a 
24-item  measure  consisting  of  three  8-item  subscales,  one 
assessing  internal  locus  of  control  and  two  assessing  specific 
dimensions  of  external  locus  of  control  (powerful  others  and 
chance)  (Levenson,  1981).  Cronbach’s  alpha  reliabilities  in 
this  sample  were  0.55,  0.77  and  0.70  for  internality,  powerful 
others  and  chance,  respectively. 

Brief  trauma  questionnaire  (BTQ).  The  BTQ  (Schnurr  et  al., 
2009)  assesses  the  history  of  exposure  to  potentially  traumatic 


events.  This  questionnaire  consists  of  10  questions  regarding 
exposure  to  different  types  of  trauma  (e.g.  natural  disasters, 
child  physical  abuse,  sexual  abuse,  muggings,  assaults), 
yielding  a  total  number  of  traumas  experienced. 

Dispositional  resilience  scale-15  (DRS-15).  This  15-item 
scale  (Bartone,  1999)  measures  psychological  hardiness. 
Cronbach’s  alpha  coefficient  in  the  present  sample  was  0.70. 

Clinician-administered  dissociative  states  scale  (CADSS).  The 
19  self-report  items  from  the  CADSS  (Bremner  et  al.,  1998) 
reliably  and  validly  assess  the  frequency  and  intensity  of 
dissociative  states  (Morgan  et  al.,  2004;  Taylor  et  al.,  2012). 
This  scale  is  designed  to  assess  how  perceptually  connected  or 
disconnected  an  individual  is  relative  to  his  or  her  environ¬ 
ment,  with  a  maximum  possible  score  of  76.  The  mean 
CADSS  scores  are  listed  in  Table  3.  Cronbach’s  alpha 
reliability  scores  for  the  CADSS  were  0.83  at  Tl,  0.90  at  T2 
and  0.93  at  T3. 

Impact  of  event  scale  -  revised  (1ES-R).  The  IES-R  is  a  valid 
and  reliable  self-report  measure  designed  to  assess  current 
subjective  distress  for  any  specific  life  event  (Weiss  & 
Marmar,  1997).  It  has  three  subscales  comprising  22  items: 
avoidance  (lES-R-Avoid;  mean  of  eight  items  measuring  the 
extent  to  which  the  respondent  avoids  situations  that  remind 
him  or  her  of  the  stressful  or  traumatic  event);  intrusion 
(IES-R-Intrusion;  mean  of  eight  items  assessing  the  extent  to 
which  one  experiences  intrusive  thoughts)  and  hyperarousal 
(IES-R-Arousal;  mean  of  six  items  measuring  anger,  irritabil¬ 
ity,  heightened  startle  response  and  hyperarousal).  The  mean 
score  (IES-R-Mean)  is  the  mean  of  all  22  items.  We  have  also 
provided  the  sum  of  all  items,  which  is  another  common  data 
reporting  method.  In  the  current  study,  respondents  completed 
the  IES-R  at  Tl  and  T3.  At  Tl,  the  directions  were  modified 
to  ask  the  participant  to  indicate  how  distressing  each 

difficulty  has  been  relative  to  the  most  traumatic  event 
endorsed  on  the  BTQ  (described  earlier).  At  T3  (24  h  after  the 
conclusion  of  survival  training),  the  directions  were  modified 
to  ask  the  participant  to  indicate  how  distressing  each 

difficulty  has  been  relative  to  the  stressful  mock-captivity 
event.  At  Tl,  Cronbach’s  alpha  reliabilities  in  the  present 
sample  were  0.61,  0.84,  0.80  and  0.89  for  IES-R-Arousal, 
IES-R-Avoid,  IES-R-Intrusion  and  IES-R-Total,  respectively. 
At  T3,  they  were  0.85,  0.86,  0.79  and  0.93,  respectively.  Mean 
IES-R  scores  are  provided  in  Table  1 . 


Statistical  analysis 

Data  were  analyzed  using  SPSS  software  version  19 
(SPSS,  Inc.,  Chicago,  IL).  Distribution  characteristics  for 
all  continuous  variables  were  examined  to  determine  if 
assumptions  of  normality  were  met,  following  conservative 
predefined  limits  (e.g.  skewness  between  —1  and  1  [Leech 
et  al.,  2005],  kurtosis  between  —3  and  3).  Variables  exceeding 
any  of  these  limits  were  either  transformed  prior  to  perform¬ 
ing  the  relevant  statistical  test  or,  in  the  presence  of  a  large 
number  of  zero  values  (>30%),  dichotomized  prior  to 
conducting  nonparametric  tests.  All  data  transformations 
reduced  skewness  and  kurtosis  to  acceptable  levels. 
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Table  1.  Participant  characteristics. 


Total  sample 

Males 

Females 

Characteristic 

N 

M  (SD)  or  % 

N 

M  (SD)  or  % 

N 

M  (SD)  or  % 

Age 

184 

25.2  (4.5) 

143 

25.2  (4.8) 

41 

25.3  (3.2) 

BMI** 

172 

24.6  (2.7) 

133 

24.9  (2.7) 

39 

23.5  (2.1) 

Military  service,  years 

184 

4.6  (3.7) 

143 

4.6  (3.9) 

41 

4.6  (3.3) 

Education*** 

High  school 

91 

49.2% 

80 

55.6% 

11 

26.8% 

Four-year  college 

94 

50.8% 

64 

44.4% 

30 

73.2% 

Paygrade** 

Officer 

81 

44.8% 

55 

39.3% 

26 

63.4% 

Enlisted 

100 

55.2% 

85 

60.7% 

15 

36.6% 

Ethnicity 

Caucasian 

124 

67.8% 

95 

66.9% 

29 

70.7% 

Hispanic 

21 

11.5% 

18 

12.7% 

3 

7.3% 

Asian 

10 

5.5% 

7 

4.9% 

3 

7.3% 

Native  American 

1 

0.5% 

1 

0.7% 

0 

0.0% 

African  American 

9 

4.9% 

7 

4.9% 

2 

4.9% 

Mixed  ethnicity 

15 

8.2% 

13 

9.2% 

2 

4.9% 

Other 

3 

1.6% 

1 

0.7% 

2 

4.9% 

Prior  head  injury 

Yes 

37 

20.1 

33 

23.1% 

4 

9.8% 

No 

147 

79.9 

110 

76.9% 

37 

90.2% 

Combat  experience3 

Yes 

29 

15.8 

26 

18.2% 

3 

7.5% 

No 

154 

84.2 

117 

81.8% 

37 

92.5% 

Prior  trauma  exposure* 

183 

2.0  (1.8) 

143 

2.2  (1.8) 

40 

1.6  (1.6) 

Psychological  impact  of  prior  trauma 

Arousal 

142 

0.2  (0.3) 

114 

0.1  (0.3) 

28 

0.3  (0.4) 

Avoidance 

142 

0.4  (0.6) 

114 

0.4  (0.5) 

28 

0.6  (0.7) 

Intrusion 

142 

0.3  (0.5) 

114 

0.3  (0.4) 

28 

0.5  (0.6) 

Total  (mean) 

142 

0.3  (0.4) 

114 

0.3  (0.4) 

28 

0.5  (0.5) 

Total  (sum) 

142 

7.1  (9.1) 

114 

6.2  (8.1) 

28 

10.9  (11.6) 

Hardiness 

182 

31.7  (4.9) 

142 

31.5  (5.0) 

40 

32.3  (4.6) 

Perceived  stress 

181 

11.7  (5.0) 

141 

11.4  (4.9) 

40 

12.7  (5.2) 

Locus  of  control 

Internality 

183 

36.3  (5.1) 

143 

36.4  (5.0) 

40 

35.9  (5.6) 

Powerful  others 

183 

16.7  (7.8) 

143 

17.3  (7.9) 

40 

15.3  (7.7) 

Chance 

183 

16.4  (6.7) 

143 

16.1  (7.2) 

40 

15.1  (5.5) 

BMI,  body  mass  index;  M,  mean;  SD,  standard  deviation. 

aDid  not  meet  assumption  for  nonparametric  analysis  (less  than  five  cases  in  one  cell).  No  formal  statistical  comparison  was  performed. 
*Difference  between  males  and  females  p<0.05. 

**Difference  between  males  and  females  p<0.01. 

***Difference  between  males  and  females  p<0.001. 


Untransformed  means  are  reported  for  ease  of  interpretation. 
Descriptive  analyses  were  conducted  to  summarize  subject 
characteristics,  and  independent  /-tests  or  ;y2-tests  compared 
males  and  females  on  demographic  and  background  charac¬ 
teristics.  For  each  hypothesis  test,  a  theoretically  relevant 
variable  was  selected  as  a  covariate  if  it  differed  between 
males  and  females  and  associated  with  the  endpoint  of 
interest,  thus  qualifying  as  a  potential  confounder 
(MacKinnon  et  al.,  2000).  Separate  2  (sex)  x  3  (time)  analysis 
of  variance  or  analysis  of  covariance  (ANCOVA)  with 
repeated  measures  evaluated  sex  differences  across  time  for 
each  endpoint.  Greenhouse-Geisser  corrections  were  imple¬ 
mented  when  sphericity  assumptions  were  not  met. 
Post  hoc  independent  /-tests  or  univariate  ANCOVA  decom¬ 
posed  the  observed  group  effects  at  each  time  point,  while 
post  hoc  paired  /-tests  decomposed  the  overall  time  effects. 
Absolute  (value  2  — value  1)  and  relative  A  scores  ([value 
2  — value  1/value  1J  x  100%)  were  also  computed  and  then 


compared  across  groups  via  independent  /-test  or  univariate 
ANCOVA.  These  calculations  were  used  to  operationally 
define  “reactivity”  (i.e.  initial  response  from  baseline  to 
mock-captivity  stress),  “recovery”  (i.e.  change  from  mock- 
captivity  stress  to  24-h  recovery)  and  “residual  elevation” 
(i.e.  sustained  disruption  from  baseline  to  24-h  recovery). 
Post  hoc  causal  steps  modeling  (Baron  &  Kenny,  1986)  was 
used  to  explore  mediated  effects.  All  formal  hypothesis  tests 
were  two-sided,  and  the  probability  of  committing  a  type  I 
error  was  set  at  0.05,  though  it  was  acknowledged  when  more 
stringent  conventional  criteria  were  met  (0.01  or  0.001). 
Bonferroni  corrections  were  implemented  for  each  family  of 
group,  time  series  and  delta  comparisons  (absolute  and 
relative)  at  0.05/3  =  0.017.  Effect  sizes  were  estimated  via 
partial  eta-squared  (rfc\  Ferguson,  2009;  Richardson,  2011) 
(0.04  =  minimal  effect  of  “practical  significance,” 
0.25  =  moderate  effect,  0.64  =  strong  effect  [Ferguson, 
2009]). 
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Results 

Participant  characteristics 

Participant  characteristics  are  shown  in  Table  1. 
Demographically,  this  sample  is  comparable  to  that  of  our 
previously  published  studies  of  Navy  survival  trainees 
(Taylor,  2013;  Taylor  et  al.,  2012),  except  that  females 
comprised  nearly  one  quarter  of  the  present  sample. 

Selection  of  covariates 

As  shown  in  Table  1,  males  and  females  did  not  differ  with 
respect  to  age,  years  of  military  service,  ethnicity,  prior  head 
injury,  dispositional  resilience  (hardiness),  baseline  perceived 
stress  or  locus  of  control  (all  p>0.05).  Males  had  a  higher 
body  max  index  (BMI)  (f(170)  =  3.1,  p< 0.01)  and  reported 
more  prior  trauma  exposure  (r(l  8 1)  =  2. 1 ,  p  <0.05)  than 
females.  Of  those  endorsing  any  prior  trauma  (n=  142,  80.3% 
male),  no  sex  differences  prevailed  with  respect  to  psycho¬ 
logical  impact  or  any  subdimensions  (arousal,  intrusion,  or 
avoidance;  all  p>  0.05).  A  greater  proportion  of  females  were 
college  educated  (x2(l,  N=  185)=  10.5,  p< 0.001).  Because 
military  occupational  specialty  (p  =  0.73,  7?  <0.001)  and 
paygrade  (</?  =  0.83,  p  <  0.00 1 )  each  covaried  substantially 
with  education,  neither  was  evaluated  as  a  possible  covariate 
in  any  of  the  models. 

Of  the  above-mentioned  characteristics  differentiating 
males  and  females,  BMI  (main  effect  F(l,  160)  =  16.3, 
p  <0.001 ,  =  0.09)  and  education  (interaction  effect 

F(1.66,  295. 15)  =  4.4,  p< 0.05,  ^  =  0.02)  related  to  the 
SBP  stress  trajectory  and  were  thus  selected  as  covariates  in 
the  hypothesis  test  concerning  sex  differences  in  SBP 
reactions.  Similarly,  BMI  associated  with  the  DBP  stress 
trajectory  (interaction  effect  F(1.82,  291.48)  =  3.5,  p<  0.05, 
77“  =  0.02)  and  was  therefore  covaried  in  the  corresponding 
hypothesis  test  concerning  sex  differences  in  DBP  reactions. 

Overall  effects  of  intense  stress  exposure 

Exposure  to  mock  captivity  substantially  disrupted  all  three 
primary  cardiovascular  endpoints.  Overall  time  effects  were 
observed  for  HR  (F(l. 52, 270.64)  =  607.7,  p<0.001, 

77“  =  0.77),  SBP  (F(1.65, 260.36)  =  7.3,  p<0.010,  r?2  =  0.04) 
and  DBP  (F(l. 81, 287.98)  =  56.0,  p<0.001,  t/2  =  0.26).  As 
shown  in  Table  2,  HR,  SBP  and  DBP  increased  an  average  of 
66.9%  (41  bpm),  22.6%  (25.1  mmHg)  and  14.0%  (9.7mmHg), 
respectively,  from  T1  to  T2,  each  followed  by  incomplete 
recovery  at  T3.  Mean  residual  elevation  (T1-T3A)  for  HR, 
SBP  and  DBP  were  2.0bpm  (4.3%),  2.1  mmHg  (2.3%)  and 
3.8  mmHg  (6.0%),  respectively.  Overall  exposure  effects  were 
also  evident  for  Sp02  (F( 2, 356)  =  26.7,  p<  0.001,  p 2  =  0.13), 
characterized  by  a  decrease  from  T1  to  T2  (r(183)  =  —  8.5, 
p <0.017;  mean  Tl-T2A=-0.8  [-0.8%])  followed  by 
complete  recovery  at  T3.  As  shown  in  Table  3,  dissociative 
states  were  clearly  elevated  in  response  to  mock-captivity 
stress  (T2),  returning  toward  baseline  at  24-h  recovery  (T3). 
Formal  time-series  comparisons  were  not  performed  on  this 
endpoint  due  to  non-normality  and  >30%  zero  values  at  T1 
and  T3.  This  is  an  expected  finding  under  nonstressful 
conditions,  which  is  consistent  with  prior  research  (Morgan 
et  al.,  2004;  Taylor  et  al.,  2012). 


Sex  differences  in  cardiovascular  and  subjective  endpoints  are 
detailed  in  Tables  2  and  3,  respectively.  Overall  group  effects 
emerged  for  HR  (F(l,178)  =  5.6,  p< 0.05,  77^  =  0.03),  with 
post  hoc  paired  f-tests  indicating  that  females  had  higher  HR 
at  T1  (t(  183)  =  —2.5,  p  <0.0 1 7)  and  noticeably  higher  mean 
values  at  T2  (110.3  vs.  102.6bpm),  which  was  rendered 
nonsignificant  with  Bonferroni  correction  (77  >  0.0 17).  No 
group  differences  prevailed  in  terms  of  absolute  or  relative 
HR  reactivity,  recovery  or  residual  elevation  (all  p  >  0.0 1 7). 
Controlling  for  BMI  and  education,  a  group  x  time  interaction 
was  demonstrated  for  SBP  (F(l. 65, 260.36)  =  4.2,  p< 0.05, 
?7p  =  0.03).  Specifically,  although  females  demonstrated  lower 
SBP  values  than  males  at  all  three  time  points,  the  difference 
was  more  pronounced  at  T1  (F(l,  163)  =  41.3,  /?<0.017, 
?7p  =  0.20)  and  T2  (F(l,  161)  =  16.1,  p<0.017,  77“  =  0.09) 
than  T3  (F(l,  159)  =  7.8,  p<0.017,  77^  =0.05).  Accordingly, 
females  showed  greater  residual  elevation  in  SBP,  quantified 
by  larger  absolute  (+7.2  mmHg  vs.  +1.0  mmHg; 
F(l,  159)=  10.4,  p <0.017,  7?p  =  0.06)  and  relative  T1-T3A 
(  +  7.0%  vs.  +1.2%;  F(l,  159)  =  12.1,  p<0.017,  p$  =  0.07). 
No  group  differences  emerged  in  terms  of  absolute  or  relative 
SBP  reactivity  or  recovery  (all  p>  0.017).  Controlling  for 
BMI,  overall  group  effects  appeared  for  DBP 
(F(l,159)  =  22.2,  /?<0.001,  77^  =  0.12),  with  post  hoc  com¬ 
parisons  indicating  lower  values  for  females  at  T1 
(F(l,  164)  =  28.4,  t><0.017,  77^  =  0.15),  T2  (F(l,  162)  =  8.2, 
p<0.017,  =  0.05)  and  T3  (F(l,  160)  =  6.6,  /?<0.017, 

7)p  =  0.04).  No  group  differences  were  observed  for  DBP 
reactivity,  recovery  or  residual  elevation  (all  p  >  0.0 1 7). 
Overall  group  effects  emerged  for  tympanic  temperature 
(F(l,  179)=  13.1,  p<  0.001,  7^  =  0.07),  with  post  hoc  paired 
f-tests  showing  that  females  registered  slightly  higher  tem¬ 
peratures  at  T1  (f(183)  =  — 3.7,  t><0.017)  and  T3 
(f(179)  =  — 3.1,  p  <  0.0 1 7).  Although  overall  group  differ¬ 
ences  were  shown  for  Sp02  (F(l,  178)  =  4.8,  p< 0.05, 
?7p  =  0.03),  post  hoc  analyses  revealed  that  this  was  primarily 
due  to  higher  mean  saturation  values  for  males  at  baseline 
(f(183)  =  2.4,  p <0.017). 

Females  did  not  differ  from  males  in  dissociative  states  at 
any  time  point  (Tl,  %2(1,  N=  183)  =  0.6,  /?>0.017;  T2, 
f(181)  =  — 1.2,  /?>0.017;  T3,  X2(l-  W=  183)  =  2.8, 

p  >  0.0 1 7).  However,  pronounced  sex  differences  were  noted 
for  total  psychological  impact  of  mock  captivity 
(F(l,  178)  =  5.2,  p<0.05,  p^  =  0.03),  as  well  as  for  the 
subdimensions  of  arousal  (F(l,  178)  =  4.9,  p  <  0.05, 
77^  =  0.03)  and  intrusion  (F(l,  178)  =  6.7,  p<0.01, 

?7p  =  0.04).  Dissociative  states  at  T2  predicted  subsequent 
psychological  impact  of  mock  captivity  (r(178)  =  0.56, 
p<  0.001).  Stratified  by  sex,  this  association  was  slightly 
higher  for  females  (r(37)  =  0.63,  p  <0.001 )  than  for  males 
(r(139)  =  0.54,  p<  0.001). 


Exploration  of  mediated  effects 

Considering  the  observed  sex  differences  in  cardiovascular 
stress  profiles  and  psychological  impact  of  mock  captivity,  we 
then  explored  whether  any  of  the  primary  physiological 
variables  mediated  the  influence  of  sex  upon  psychological 
impact  using  Baron  and  Kenny’s  causal  steps  approach 
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Table  2.  Cardiovascular  responses  to  acute  stress,  stratified  by  sex. 


Total  sample 

Males 

Females 

Endpoint 

N 

M  (SD)  or  % 

N 

M  (SD)  or  % 

N 

M  (SD)  or  % 

HR 

Tl 

185 

63.2  (10.1) 

144 

62.3  (10.0) 

41 

66.7 

(9.7)* 

T2 

184 

104.3  (19.1)** 

144 

102.6  (18.6) 

40 

110.3 

(20.0) 

T3 

180 

65.1  (10.8)**-*** 

140 

64.7  (9.6) 

40 

66.6 

(14.3) 

Delta  T1-T2 

184 

66.9%  (30.0) 

144 

66.8%  (31.0) 

40 

66.9% 

(26.5) 

Delta  T2-T3 

180 

-36.1%  (13.2) 

140 

-35.3%  (13.4) 

40 

-38.8% 

(12.1) 

Delta  T1-T3 

180 

4.3%  (16.5) 

140 

5.5%  (16.6) 

40 

0.2% 

(15.5) 

SBP 

Tl 

184 

113.4  (10.8) 

143 

116.1  (10.2) 

41 

104.1 

(7.4)* 

T2 

183 

138.4  (16.2)** 

143 

141.0  (16.1) 

40 

129.1 

(12.7)* 

T3 

181 

115.5  (9.6)**’*** 

141 

116.7  (9.5) 

40 

111.1 

(8.7)* 

Delta  T1-T2 

182 

22.6%  (13.4) 

142 

22.1%  (13.8) 

40 

24.3% 

(11.8) 

Delta  T2-T3 

180 

-15.7%  (9.4) 

140 

-16.4%  (9.6) 

40 

-13.4% 

(8.6) 

Delta  T1-T3 

180 

2.3%  (8.6) 

140 

1.0%  (8.6) 

40 

6.9% 

(6.7)* 

DBP 

Tl 

184 

73.9  (8.2) 

143 

75.7  (8.0) 

41 

67.8 

(5.6)* 

T2 

183 

83.6  (10.6)** 

143 

84.8  (10.4) 

40 

79.4 

(10.5)* 

T3 

181 

77.6  (7.5)**’*** 

141 

78.5  (7.4) 

40 

74.5 

(7.3)* 

Delta  T1-T2 

182 

14.0%  (15.4) 

142 

13.0%  (15.6) 

40 

17.3% 

(14.3) 

Delta  T2-T3 

180 

-6.0%  (13.0) 

140 

-6.2%  (13.6) 

40 

-5.2% 

(10.9) 

Delta  T1-T3 

180 

6.1%  (13.2) 

140 

4.9  (13.6) 

40 

10.2% 

(10.4) 

Tympanic  temperature 

Tl 

185 

97.4  (0.8) 

144 

97.3  (0.8) 

41 

97.7 

(0.7)* 

T2 

184 

97.9  (1.2) 

144 

97.8  (1.2) 

40 

98.2 

(0.8) 

T3 

181 

97.4  (0.8)*** 

141 

97.3  (0.8) 

40 

97.7 

(0.8)* 

Delta  T1-T2 

184 

0.6  (1.2) 

144 

0.6%  (1.2) 

40 

0.5% 

(1.1) 

Delta  T2-T3 

181 

-0.6  (1.3) 

141 

-0.6%  (1.3) 

40 

-0.5% 

(1.1) 

Delta  T1-T3 

181 

-0.01(0.8) 

141 

0.0%  (0.8) 

40 

-0.1% 

(0.8) 

sPo2 

Tl 

185 

98.2  (1.4) 

144 

98.3  (1.1) 

41 

97.8 

(1.9)* 

T2 

184 

97.5  (1.2)** 

144 

97.5  (1.2) 

40 

97.4 

(1.1) 

T3 

180 

98.3  (0.8)*** 

140 

98.3  (0.8) 

40 

98.2 

(0.9) 

Delta  T1-T2 

184 

-0.8  (1.8) 

144 

-0.9%  (1.6) 

40 

-0.4% 

(2.3) 

Delta  T2-T3 

180 

0.9  (1.5) 

140 

0.9%  (1.5) 

40 

0.8% 

(1.7) 

Delta  T1-T3 

180 

0.1  (1.7) 

140 

0.0%  (1.5) 

40 

0.4% 

(2.2) 

DBP,  diastolic  blood  pressure;  HR,  heart  rate;  M,  mean;  SBP,  systolic  blood  pressure;  SD,  standard  deviation;  Sp02,  peripheral  oxygen  saturation; 

Tl,  Time  1;  T2,  Time  2;  T3,  Time  3. 

^Difference  from  males  p<0.017. 

**Difference  from  Tl  p<0.017. 

***Difference  from  T2  p<0.017. 


Table  3.  Subjective  responses  to  acute  stress,  stratified  by  sex. 


Characteristic 

Total  sample 

Males 

Females 

N 

M  (SD)  or  % 

N 

M  (SD)  or  % 

N 

M  (SD)  or  % 

Dissociation 

Tl 

183 

1.0  (2.6) 

143 

1.0  (2.6) 

40 

1.0  (2.7) 

T2 

183 

13.4  (11.8) 

144 

12.9  (11.4) 

39 

15.4  (13.2) 

T3 

180 

3.4  (7.5) 

141 

2.8  (4.1) 

39 

5.6  (10.5) 

Psychological  impact 

Arousal 

180 

0.8  (0.8) 

141 

0.7  (0.8) 

39 

1.0  (0.9)* 

Intrusion 

180 

1.0  (0.8) 

141 

1.0  (0.8) 

39 

1.3  (0.8)** 

Avoidance 

180 

0.8  (0.8) 

141 

0.8  (0.7) 

39 

0.9  (0.7) 

Total  (mean) 

180 

0.9  (0.7) 

141 

0.8  (0.7) 

39 

1.1  (0.7)* 

Total  (sum) 

180 

19.3  (15.7) 

141 

17.9  (15.7) 

39 

24.3  (14.7)* 

M,  mean;  SD,  standard  deviation. 
^Difference  from  males  p<  0.05. 
**Difference  from  males  p<0.01. 


(Baron  &  Kenny,  1986).  Of  the  notable  group  effects  in 
Table  2,  only  HR  during  mock  captivity  predicted  psycho¬ 
logical  impact  (r(178)  =  0.15,  p<  0.05),  thus  justifying 
further  exploratory  testing.  Following  the  hypothesis  that 


HR  mediates  the  influence  of  sex  upon  psychological  impact, 
sex  was  identified  as  the  independent  variable,  psychological 
impact  as  the  dependent  variable  and  HR  as  the  candidate 
mediator.  Sex  predicted  psychological  impact  in  the 
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regression  model  (path  c;  13  =  0.17,  p  <  0.05).  When  HR  was 
added,  the  direct  effect  of  sex  on  psychological  impact  (path 
c’)  was  attenuated  by  >10%  (/3  =  0.15,  p  =  0.05).  HR 
marginally  contributed  to  the  mediation  model  (path  b) 
(/?  =  0.13,  p  =  0. 1 0).  Adjusted  R2  values  for  the  regression 
models  testing  paths  a,  b,  c  and  c’  were  0.02,  0.04,  0.02  and 
0.03,  respectively.  The  mediation  model  was  then  tested  with 
an  alternate  statistical  approach  (Sobel  test;  Preacher  & 
Hayes,  2004),  evaluating  the  significance  of  the  indirect  effect 
of  the  mediator  by  testing  the  null  hypothesis  of  no  difference 
between  the  total  effect  (path  c)  and  the  direct  effect  (path  c’). 
The  Sobel  test  was  marginally  significant  (test  statistic  =  1.68, 
p  =  0.09). 

Discussion 

This  study  characterized  sex  differences  in  acute  stress 
reactions  among  military  survival  trainees.  Females  had 
lower  SBP  and  DBP  throughout  the  trajectory,  yet  registered 
greater  residual  elevation  in  SBP.  Pronounced  sex  differences 
were  also  observed  with  respect  to  psychological  impact  of 
mock  captivity,  with  females  scoring  higher  than  males. 

To  our  knowledge,  this  is  the  first  report  of  cardiovascular 
responses  to  stressful  survival  training.  Compared  with 
baseline,  HR  was  elevated  following  stress  exposure  an 
average  of  41  bpm,  SBP  by  25  mmHg  and  DBP  by  lOmmHg. 
All  three  of  these  endpoints  remained  elevated  24  h  after  the 
conclusion  of  mock  captivity,  suggesting  sustained  disruption. 
The  mean  HR  at  T2  exceeds  that  typically  observed  in  the 
well-validated  Trier  Social  Stress  Test  (Andrews  et  al.,  2012; 
Kelly  et  al.,  2008;  Kirschbaum  et  al.,  1993),  approximates 
57%  of  age-predicted  maximum  HR  for  the  mean  age  of  this 
cohort  (24  years)  (Tanaka  et  al.,  2001)  and  corresponds  to  the 
metabolic  demand  of  exercise  at  35-45%  of  maximum 
aerobic  capacity  (Londeree  et  al.,  1995).  The  BP  reactions 
captured  in  this  study  were  also  comparable  to  those  seen  in 
healthy  young  subjects  exposed  to  the  Trier  Social  Stress  Test 
(Andrews  et  al.,  2012).  Finally,  the  observed  reduction  in 
peripheral  SpC>2  resonates  with  a  small  literature  describing 
peripheral  deoxygenation  (Beder  et  al.,  2008)  along  with 
increased  cerebral  oxygenation  during  acute  stress 
(Paisansathan  et  al.,  2007),  perhaps  suggesting  shunted 
resources  to  preserve  or  enhance  brain  oxygenation. 
Synthesized,  these  observations  are  consistent  with  a  sub¬ 
stantial  cardiovascular  stress  response  (Sapolsky,  2004)  and, 
consequently,  imply  a  profound  manipulation  effect. 

Females  recorded  higher  HR  than  males  at  baseline,  a 
notable  but  nonsignificant  trend  for  higher  HR  during  mock 
captivity,  lower  SBP  and  DBP  at  all  time  points  and  greater 
residual  elevation  in  SBP  during  recovery.  This  pattern  is 
partially  consistent  with  a  literature  showing  that  men  respond 
to  selected  laboratory  stressors  with  greater  SBP  (Allen  et  al., 
1993;  Steptoe  et  al.,  1996)  and  DBP  increases  (i.e.  “vascular 
reactors”),  while  females  tend  to  respond  with  greater 
increases  in  HR  (i.e.  “myocardial  reactors”)  (Allen  et  al., 
1993).  In  the  present  study,  however,  group  differences  were 
not  observed  in  absolute  or  relative  reactivity  or  recovery  for 
these  endpoints,  implying  that  sex  differences  during  mock 
captivity,  while  sizeable,  are  largely  a  function  of  baseline 
differences  (Reckelhoff,  2001).  Regardless  of  these  findings, 


the  existing  literature  in  ecologically  valid  settings  suggests 
that  absolute  HR  under  stress  is  a  consistent  predictor  of 
subsequent  PTSD  development  (Bryant  et  al.,  2004;  Kassam- 
Adams  et  al.,  2005;  Kuhn  et  al.,  2006;  Shalev  &  Freedman, 

2005).  Also,  there  were  notable  sex  differences  in  residual 
elevation  of  SBP.  This  is  noteworthy  in  that  individual 
differences  in  recovery  at  more  extended  periods  after  a 
stressor  may  have  more  important  health  implications  than 
those  observed  shortly  after  the  stressor  (Goswami  et  al., 

2010). 

Pronounced  sex  differences  were  also  observed  in  terms  of 
psychological  impact  of  mock  captivity,  with  females  scoring 
higher  on  total  impact,  arousal  and  intrusion.  Although  it  is 
known  that  females  are  at  higher  risk  of  PTSD  development 
than  males  (Mota  et  al.,  2012),  far  less  is  known  regarding  sex 
differences  in  subjective  distress  in  the  aftermath  of  acute 
stress  exposure.  There  is  some  supporting  evidence  that 
females  report  more  subjective  distress  to  fear-inducing  and 
stressful  experiences  than  males  (Kelly  et  al.,  2006,  2008). 

Stress-induced  dissociative  states  prospectively  predicted 
psychological  impact  of  mock  captivity  measured  during 
recovery.  This  finding  is  consistent  with  our  prior  study  of 
male  survival  trainees  (Taylor  et  al.,  2007),  as  well  as  a 
broader  literature  linking  peritraumatic  dissociative  states  to 
posttraumatic  symptoms  in  both  sexes  (Werner  &  Griffin, 

2012),  across  age  groups  (Sugar  &  Ford,  2012),  and  in  both 
civilian  (Bryant  et  al.,  2011)  and  military  populations 
(Agorastos  et  al.,  2013).  Although  stratified  analyses  sug¬ 
gested  a  slightly  higher  strength  of  relationship  in  females,  its 
clinical  significance  is  not  clear  at  this  time.  That  said,  this 
finding  complements  Dimoulas  et  al.’s  (2007)  work  showing 
that  dissociative  states  during  mock  captivity  were  highly 
predictive  of  subsequent  somatic  symptoms  in  a  sample  of 
female  survival  trainees.  Taken  together,  it  is  possible  that 
stress-induced  dissociation  is  a  more  robust  predictor  of 
poststress  health  outcomes  in  females. 

Exploratory  causal  steps  modeling  suggested  that  stress- 
induced  HR  may  partially  mediate  sex  differences  in 
psychological  impact  of  acute  stress.  This  finding  builds 
upon  an  elegant  line  of  prospective  research  linking  HR 
during  emergency  room  visits  to  subsequent  PTSD  develop¬ 
ment  (Bryant  et  al.,  2004;  Kassam- Adams  et  al.,  2005;  Kuhn 
et  al.,  2006;  Shalev  &  Freedman,  2005),  as  well  as  related 
work  showing  greater  physiological  (primarily  HR)  responses 
to  trauma  reminders  in  patients  with  acute  PTSD  (Ehlers 
et  al.,  2010;  Pole,  2007).  The  present  findings  may  help  to 
elucidate  sex  differences  influencing  these  longitudinal 
relationships  and  may,  as  a  result,  improve  our  understanding 
of  sex  differences  in  PTSD.  To  be  clear,  there  was  only 
limited  support  for  a  mediating  role  of  cardiovascular 
function,  implying  the  distinct  possibility  of  alternate 
explanatory  mechanisms.  Accordingly,  our  planned 
research  is  slated  to  explore  the  roles  of  hypothalamic- 
pituitary-adrenal  and  sex  hormones. 

Limitations  of  this  study  require  comment.  Importantly,  we 
did  not  control  for  menstrual  phase  or  oral  contraceptive  use. 
Reproductive  hormones  may  be  implicated  in  fear  condition¬ 
ing  and  extinction  (Inslicht  et  al.,  2013),  as  well  as  BP 
regulation  at  rest  and  during  stress  (Davis  &  Matthews,  1990). 

Also,  this  study  did  not  account  for  “anticipatory  stress” 
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(Juster  et  al.,  2012)  during  the  baseline  data  collection  period, 
which  is  a  realistic  possibility  for  survival  trainees.  Also, 
although  HR,  SBP  and  DBP  are  clinically  relevant,  they  do 
not  embody  a  comprehensive  suite  of  cardiovascular  metrics. 

Conclusion 

This  study  demonstrated  sex-specific  cardiovascular  stress 
reactions  in  military  personnel,  along  with  greater  psycho¬ 
logical  impact  of  stress  exposure  in  females.  This  research 
may  elucidate  sex  differences  in  PTSD  development.  Future 
studies  of  sex  differences  in  cardiovascular  stress  may  benefit 
from  multidimensional  assessment  including  heart  rate  vari¬ 
ability,  cardiac  output,  stroke  volume,  peripheral  resistance 
and  pre-ejection  period. 

Acknowledgements 

The  authors  would  like  to  thank  Michelle  LeWark  and 
Deborah  Taylor  for  their  editorial  expertise. 

Declaration  of  interest 

This  study  was  supported  by  a  grant  from  the  Office  of  Naval 
Research,  Code  34  (Warfighter  Performance).  This  work  was 
performed  under  work  unit  number  61124.  The  views 
expressed  in  this  article  are  those  of  the  authors  and  do  not 
necessarily  reflect  the  official  policy  or  position  of  the 
Department  of  the  Navy,  Department  of  Defense,  or  the  U.S. 
Government.  Approved  for  public  release;  distribution  is 
unlimited.  This  research  has  been  conducted  in  compliance 
with  all  applicable  federal  regulations  governing  the  protec¬ 
tion  of  human  subjects  in  research  (Protocol 
NHRC. 201 1.0033).  The  authors  report  no  financial  relation¬ 
ships  with  commercial  interests. 

References 

►Agorastos  A,  Nash  WP,  Nunnink  S,  Yurgil  KA,  Goldsmith  A,  Litz  BT, 
Johnson  H,  et  al.  (2013).  The  Peritraumatic  Behavior  Questionnaire: 
development  and  initial  validation  of  a  new  measure  for  combat- 
related  peritraumatic  reactions.  BMC  Psychiatry  13(1):9. 

►  Allen  MT,  Stoney  CM,  Owens  JF,  Matthews  KA.  (1993).  Flemodynamic 

adjustments  to  laboratory  stress:  the  influence  of  gender  and 
personality.  Psychosom  Med  55:505-17. 

►  Andrews  J,  D’Aguiar  C,  Pruessner  JC.  (2012).  The  combined  dexa- 

methasone/TSST  paradigm  -  a  new  method  for  psychoneuroendocri¬ 
nology.  PLoS  One  7(6):e38994. 

►  Baron  RM.  Kenny  DA.  (1986).  The  moderator-mediator  variable 

distinction  in  social  psychological  research:  conceptual,  strategic 
and  statistical  considerations.  J  Pers  Soc  Psychol  51:1173-82. 

►  Bartone  PT.  (1999).  Hardiness  protects  against  war-related  stress  in 

Army  reserve  forces.  Consult  Psychol  J:  Pract  Res  51(2):72-82. 

►  Beder  A,  Buyukkocak  U,  Sabuncuoglu  H,  Keskil  ZA,  Keskil  S.  (2008). 

Preliminary  report  on  surgical  mask  induced  deoxygenation  during 
major  surgery.  Neurocirugia  19(2):  121-6. 

►Bremner  JD,  Krystal  JH,  Putman  FW,  Southwick  SM,  Marmar  C, 
Charney  DS,  Mazure  CM.  (1998).  Measurement  of  dissociative  states 
with  the  clinician-administered  dissociative  states  scale  (CADSS). 
J  Trauma  Stress  11:125-36. 

►Bryant  RA,  Brooks  R,  Solove  D,  Creamer  M,  O’Donnell  M, 
McFarlane  AC.  (2011).  Peritraumatic  dissociation  mediates  the 
relationship  between  acute  panic  and  posttraumatic  stress  disorder. 
Behav  Res  Ther  49(5):346-51. 

►  Bryant  RA,  Marosszeky  JE,  Crooks  J,  Gurka  JA.  (2004).  Elevated  resting 

heart  rate  as  a  predictor  of  posttraumatic  stress  disorder  after  severe 
traumatic  brain  injury.  Psychosom  Med  66:760-1. 


Cohen  S,  Williamson  G.  (1988).  Perceived  stress  in  a  probability  sample 
of  the  United  States.  In:  Spacapam  S,  Oskamp  S,  editors.  The  social 
psychology  of  health:  Claremont  symposium  on  applied  social 
psychology.  Newbury  Park,  CA:  Sage,  p  31-67. 

►Davis  MC,  Matthews  KA.  (1990).  Cigarette  smoking  and  oral  contra¬ 
ceptive  use  influence  women’s  lipid,  lipoprotein,  and  cardiovascular 
responses  during  stress.  Health  Psychol  9(6):717— 36. 

Dimoulas  E,  Steffian  E,  Steffian  G,  Doran  AP,  Rasmusson  AM,  Morgan 
III  CA.  (2007).  Dissociation  during  intense  military  stress  is 
related  to  subsequent  somatic  symptoms  in  women.  Psychiatry  4(2): 

66-73. 

►Ehlers  A,  Suendermann  O,  Boellinghaus  I,  Vossbeck-Elsebusch  A, 

Gamer  M,  Briddon  E,  Martin  MW,  Glucksman  E.  (2010).  Heart  rate 
responses  to  standardized  trauma-related  pictures  in  acute  posttrau¬ 
matic  stress  disorder.  Int  J  Psychophysiol  78(l):27-34. 

►Ferguson,  CJ.  (2009).  An  effect  size  primer:  a  guide  for  clinicians  and 
researchers.  Professional  Psychology:  Res  Pract  40(5):532-8. 

►Goswami  N,  Lackner  HK,  Paousek  I,  Jezova  D,  Hinghofer-Szalkay  H, 

Montani  J.  (2010).  Rate  of  cardiovascular  recovery  to  combined  or 
separate  orthostatic  and  mental  challenges.  Int  J  Psychophysiol  75: 

54-62. 

►inslicht  SS,  Metzler  TJ,  Garcia  NM,  Pineles  SL,  Milad  MR,  Orr  SP, 

Marmar,  CR,  Neylan  TC.  (2013).  Sex  differences  in  fear  conditioning 
in  posttraumatic  stress  disorder.  J  Psychiatr  Res  47:64-71. 

►juster  RP,  Perma  A,  Marin  MF,  Sindi  S,  Lupien  SJ.  (2012).  Timing 
is  everything:  anticipatory  stress  dynamics  among  cortisol  and 
blood  pressure  reactivity  and  recovery  in  health  adults.  Stress  15(6): 

569-77. 

►Kassam-Adams  N,  Garcia-Espana  JF,  Fein  JA,  Winston  FK.  (2005). 

Heart  rate  and  posttraumatic  stress  in  injured  children.  Arch  Gen 
Psychiatry  62:335M0. 

►Kelly  MM,  Forsyth  JP,  Karekla  M.  (2006).  Sex  differences  in  response  to 
a  panicogenic  biological  challenge  procedure:  an  experimental 
evaluation  of  panic  vulnerability  in  a  non-clinical  sample. 

Behav  Res  Ther  44:1421-30. 

►  Kelly  MM,  Tyrka  AR,  Anderson  GM,  Price  LH,  Carpenter  LL.  (2008). 

Sex  differences  in  emotional  and  physiological  responses  to  the  Trier 
Social  Stress  Test.  J  Behav  Ther  Exp  Psychiatry  39:87-98. 

►  Kirschbaum  C,  Pirke  KM,  Hellhammer  DH.  (1993).  The  ‘Trier 

Social  Stress  Test’  -  a  tool  for  investigating  psychobiological 
stress  responses  in  a  laboratory  setting.  Neuropsychobiology 
28(1— 2):76— 81. 

►  Kuhn  E,  Blanchard  EB,  Fuse  T,  Hickling  EJ,  Broderick  J.  (2006).  Heart 

rate  of  motor  vehicle  accident  survivors  in  the  emergency  department, 
peritraumatic  psychological  reactions,  ASD,  and  PTSD  severity:  a  6- 
month  prospective  study.  J  Trauma  Stress  19:735M0. 

Leech  LL,  Barrett  KC,  Morgan  GA.  (2005).  SPSS  for  intermediate 
statistics:  use  and  interpretation.  2nd  ed.  Mahwah,  NJ:  Lawrence 
Erlbaum  Associates. 

Levenson  H.  (1981).  Differentiating  among  internality,  powerful  others, 
and  chance.  In:  Lefcourt  H,  editor.  Research  with  the  locus  of  control 
construct.  New  York:  Academic  Press,  p  15-63. 

►Londeree  BR,  Thomas  TR,  Ziogas  G,  Smith  TD,  Zhang  Q.  (1995). 

%V02max  versus  %HRmax  regressions  for  six  modes  of  exercise.  Med 
Sci  Sports  Exerc  27(3):458-61. 

►MacKinnon  DP,  Krull  JL,  Lockwood  CM.  (2000).  Equivalence  of  the 
mediation,  confounding,  and  suppression  effect.  Prev  Sci  1  (4):  173—8 1 . 

►Morgan  III  CA,  Hazlett  G,  Wang  S,  Richardson  EG,  Schnurr  P, 

Southwick  SM.  (2001).  Symptoms  of  dissociation  in  humans 
experiencing  acute,  uncontrollable  stress:  a  prospective  investigation. 

Am  J  Psychiatry  158:1239-47. 

►Morgan  III  CA,  Southwick  S,  Hazlett  G,  Rasmusson  A,  Hoyt  G, 

Zimolo  Z,  Charney  D.  (2004).  Relationships  among  plasma 
dehydroepiandrosterone  sulfate  and  cortisol  levels,  symptoms  of 
dissociation,  and  objective  performance  in  humans  exposed  to  acute 
stress.  Arch  Gen  Psychiatry  61(8):819— 25. 

►Morgan  III  CA,  Wang  S,  Mason  J,  Southwick  SM,  Fox  P,  Hazlett  G, 

Charney  DS,  Greenfield  G.  (2000).  Hormone  profiles  in  humans 
experiencing  military  survival  training.  Biol  Psychiatry  47:891-901. 

►Mota  NP,  Medved  M,  Wang  J,  Asmundson  GJG,  Whitney  D,  Sareen  J. 

(2012).  Stress  and  mental  disorders  in  female  military  personnel: 
comparisons  between  the  sexes  in  a  male  dominated  profession. 

J  Psychiatr  Res  46(2):159-67. 

►Paisansathan  C,  Hoffman  WE,  Gatto  RG,  Baughman  VL, 

Mueller  M,  Charbel  FT.  (2007).  Increased  brain  oxygenation 

BIGHTS  L  I  Al  Kijr 


Stress  Downloaded  from  informahealthcare.com  by  National  Library  of  Medicine  on  05/1 1/15 

For  personal  use  only. 


78  M.  K.  Taylor  et  al. 


Stress,  2014;  17(1):  70-78 


during  intubation-related  stress.  Eur  J  Anaesthesiol  24(12): 
1016-20. 

Pickering  TG,  Hall  JE,  Appel  LJ,  Falkner  BE,  Graves  J,  Hill  MN, 
Jones  DW,  et  al.  (2005).  Recommendations  for  blood  pressure 
measurement  in  humans  and  experimental  animals.  Part  1:  blood 
pressure  measurement  in  humans.  A  statement  for  professionals  from 
the  Subcommittee  of  Professional  and  Public  Education  of  the 
American  Heart  Association  Council  on  High  Blood  Pressure 
Research.  Hypertension  45:142-61. 

►  Pole  N.  (2007).  The  psychophysiology  of  posttraumatic  stress  disorder:  a 

meta-analysis.  Psychol  Bull  133(5):725-46. 

►Preacher  KJ,  Hayes  AF.  (2004).  SPSS  and  SAS  procedures  for  estimating 
indirect  effects  in  simple  mediation  models.  Behav  Res  Methods 
Instrum  Comput  36(4):717-31. 

►  Reckelhoff  JF.  (2001).  Gender  differences  in  the  regulation  of  blood 

pressure.  Hypertension  37:1199-208. 

►  Richardson  JTE.  (201 1).  Eta  squared  and  partial  eta  squared  as  measures 

of  effect  size  in  educational  research.  Educ  Res  Rev  6(2):  135 — 47. 

►  Sapolsky  RM.  (2004).  Social  status  and  health  in  humans  and  other 

animals.  Annu  Rev  Anthropol  33:393^118. 

Schnurr  PP,  Vieilhauer  MJ,  Weathers  F,  Findler  M.  (2009)  The  brief 
trauma  questionnaire.  White  River  Junction,  VT:  National  Center  for 
PTSD. 

►  Searcy  CP,  Bobadilla  L,  Gordon  WA,  Jacques  S,  Elliott  L.  (2012). 

Pharmacological  prevention  of  combat-related  PTSD:  a  literature 
review.  Mil  Med  177(6):649-54. 

►  Shalev  AY,  Freedman  S.  (2005).  PTSD  following  terrorist  attacks:  a 

prospective  evaluation.  Am  J  Psychiatry  162:1188-91. 


►  Shapiro  D,  Jamner  LD,  Lane  JD,  Light  KC,  Myrtek  M,  Sawada  Y, 

Steptoe  A.  (1996).  Blood  pressure  guidelines.  Psychophysiology  33: 
1-12. 

►  Steptoe  A,  Fieldman  G,  Evans  O,  Perry  L.  (1996).  Cardiovascular  risk 

and  responsivity  to  mental  stress:  the  influence  of  age,  gender,  and 
risk  factors.  J  Cardiovasc  Risk  3(1):83— 93. 

►  Sugar  J,  Ford  JD.  (2012).  Peritraumatic  reactions  and  posttraumatic 

stress  disorder  in  psychiatrically  impaired  youth.  J  Trauma  Stress 
25(  1  ):41— 9. 

►Tanaka  H,  Monahan  KD,  Seals  DR.  (2001).  Age-predicted  maximal 
heart  rate  revisited.  J  Am  Coll  Cardiol  37(1):  153-6. 

►Taylor  MK.  (2013).  Dehydroepiandrosterone  and  dehydroepiandroster- 
one  sulfate:  anabolic,  neuroprotective,  and  neuroactive  properties  in 
military  men.  Mil  Med  178(1):  100-6. 

►Taylor  MK,  Padilla  GA,  Stanfill  KE,  Markham  AE,  Khosravi  JY, 
Ward  MD,  Koehler  MM.  (2012).  Effects  of  dehydroepiandrosterone 
supplementation  during  military  survival  training:  a  randomized, 
controlled,  double  blind  field  study.  Stress  15(  1):85— 96. 

►Taylor  MK,  Sausen  KP,  Potterat  EG,  Mujica-Parodi  LR,  Reis  JP, 
Markham  AE,  Padilla  GA,  Taylor  DL.  (2007).  Stressful  military 
training:  endocrine  reactivity,  performance,  and  psychological  impact. 
Aviat  Space  Environ  Med  78(12):  1 143—9. 

Weiss  D,  Marmar  C.  The  impact  of  event  scale  -  revised.  In:  Wilson  J, 
Keane  T,  editors.  Assessing  psychological  trauma  and  PTSD.  New 
York:  Guilford;  1997. 

►Werner  KB,  Griffin  MG.  (2012).  Peritraumatic  and  persistent  dissoci¬ 
ation  as  predictors  of  PTSD  symptoms  in  a  female  cohort.  J  Trauma 
Stress  25(4):401-7. 


RIGHTS  Lift!  Kl) 


REPORT  DOCUMENTATION  PAGE 


The  public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data 
sources,  gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions  for  reducing  the  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and 
Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall 
be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently  valid  OMB  Control  number.  PLEASE  DO  NOT  RETURN  YOUR 
FORM  TO  THE  ABOVE  ADDRESS. 


2.  REPORT  TYPE 

Journal 


1.  REPORT  DATE  (DD  MM  YY) 

02  04  13 


4.  TITLE 

Sex  Differences  in  Cardiovascular  and  Subjective  Stress  Reactions: 
Prospective  Evidence  in  a  Realistic  Military  Setting 


6.  AUTHORS 

Taylor,  Marcus  K.,  Gerald  E.  Larson,  Melissa  D. Hiller  Lauby,  Genieleah  A. 
Padilla,  Ingrid  Wilson,  Emily  A.  Schmied,  Robyn  M.  McRoy,  Charles  A. 
Morgan  II _ 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Commanding  Officer 
Naval  Health  Research  Center 
140  Sylvester  Rd 
San  Diego,  CA  92106-3521 


8.  SPONSORING/MONITORING  AGENCY  NAMES(S)  AND  ADDRESS(ES) 


Commanding  Officer 
Naval  Medical  Research  Center 
503  Robert  Grant  Ave 
Silver  Spring,  MD  20910-7500 


3.  DATES  COVERED  (from  -  to 

10  01  11-03  01  13 


5a.  Contract  Number: 

5b.  Grant  Number: 

5c.  Program  Element  Number: 
5d.  Project  Number: 

5e.  Task  Number: 

5f.  Work  Unit  Number:  61124 


Chief,  Bureau  of  Medicine  and  Surgery 
7700  Arlington  Blvd 
Falls  Church,  VA  22042 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 

13-28 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 

NMRC/BUMED 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(s) 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  is  unlimited. 


13.  SUPPLEMENTARY  NOTES 

Stress,  2014  17(1),  70-8 


14.  ABSTRACT 

Objective:  Evidence  points  to  heightened  physiological  arousal  in  response  to  acute  stress  exposure  as  both  a 
prospective  indicator  and  core  characteristic  of  posttraumatic  stress  disorder  (PTSD).  Since  females  are  at  higher  risk  of 
PTSD  development,  it  is  important  to  evaluate  sex  differences  in  acute  stress  reactions.  This  study  characterized  sex 
differences  in  cardiovascular  and  subjective  stress  reactions  among  military  survival  trainees. 

Method:  One  hundred  eighty-five  military  members  (78%  males)  were  studied  before,  during,  and  24  hours  after  stressful 
mock  captivity.  Cardiovascular  (heart  rate  [HR],  systolic  blood  pressure  [SBP],  diastolic  blood  pressure  [DBP])  and 
dissociative  states  were  measured  at  all  three  time  points.  Psychological  impact  of  mock  captivity  was  assessed  during 
recovery.  General  linear  modeling  with  repeated  measures  evaluated  sex  differences  for  each  cardiovascular  endpoint, 
and  causal  steps  modeling  was  used  to  explore  interrelationships  of  sex,  cardiovascular  reactions,  and  psychological 
impact  of  mock  captivity. 

Results:  Although  females  had  lower  SBP  than  males  at  all  three  time  points,  the  difference  was  most  pronounced  at 
baseline  and  during  stress.  Accordingly,  females  showed  greater  residual  elevation  in  SBP  during  recovery.  Females  had 
lower  DBP  at  all  three  time  points.  Additionally,  females  reported  greater  psychological  impact  of  mock  captivity  than 
males.  Exploratory  causal  steps  modeling  suggested  that  stress-induced  HR  may  partially  mediate  the  effect  of  sex  on 
psychological  impact  of  mock  captivity. 

Conclusions:  This  study  demonstrated  sex-specific  cardiovascular  stress  reactions  in  military  personnel,  along  with 
greater  psychological  impact  of  stress  exposure  in  females.  This  may  elucidate  sex  differences  in  PTSD  development. 


15.  SUBJECT  TERMS 

stress,  sex  differences,  cardiovascular,  dissociation,  military,  survival 


16.  SECURITY  CLASSIFICATION  OF: 


a.  REPORT 

UNCL 


c.  THIS  PAGE 

UNCL 


17.  LIMITATION 
OF  ABSTRACT 

UNCL 


18.  NUMBER 
OF  PAGES 

10 


18a.  NAME  OF  RESPONSIBLE  PERSON 

Commanding  Officer 


18b.  TELEPHONE  NUMBER  (INCLUDING  AREA  CODE) 

COMM/DSN:  (619)  553-8429 _ 


Standard  Form  298  (Rev.  8-98) 
Prescribed  by  ANSI  Std.  Z39-18 


